Background. Traditional medicines remain an important health-care service among African indigenous cultures. In South Africa, medicinal plant use (bark, roots, bulbs, and herbs) threatens biodiversity and the sustainability of this informal industry. Several realities have stimulated experimental and adaptive management research into cultivation of key high-demand medicinal plant species in and around the home gardens of poor rural communities for domestic use and for trade: declining supplies, localized extinctions, increasing market prices, and economic opportunities for commercializing traditional medicinal products.
Background
People in rural areas use various types of plants in traditional medicine. In spite of increasing urbanization, an estimated 80% of the world's population, mostly from developing countries, depends on traditional medicine for primary health care [1, 2] . Furthermore, an estimated 25% of all prescribed medicines contain one or more ingredients derived from plants. In Africa, traditional medicines remain an important health-care service among the indigenous cultures. In southern Africa, local trade is largely informal, with much crossborder trading taking place.
In South Africa, an estimated 28 million people use medicinal plants. Approximately 134,000 people are employed by the industry [3] , which is an important and mainly informal economic sector and a major health-care service provider in the country [3, 4] . Approximately 35,000 to 70,000 tons of raw medicinal plant material are traded per annum, with a market value of US$75 to $150 million [1] . The total value of the trade with value added through prescription by traditional healers is probably five times more [3] . Almost all of the plant material traded (some 550 species in Manders [3] ) is harvested from wild sources, which are rapidly becoming degraded by overuse. The main focus is on tree bark and roots and on herbaceous roots, bulbs, and herbs [3, 4] . The threats to both national biodiversity and the sustainability of this important industry are therefore significant.
Traditional healers assisted in the ranking of 70 medicinal plant species with the highest utilization pri-
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Medicinal plants in the rural home garden ority in KwaZulu-Natal [3] , i.e., those with high market demand and large and increasing volumes of material traded. The declining supply of popular medicinal plants, localized extinctions through overuse, associated increases in market prices, and the awareness in the business sector of the economic opportunities associated with commercialization of traditional medicinal products stimulated an interest in the cultivation of these indigenous medicinal plants. Cultivation, wild stock management, and enrichment planting of scarce, high-value medicinal plants have become an important combined strategy toward meeting growing consumer demand and reducing the negative impacts on biodiversity caused by overexploitation of wild stocks. But there still is little knowledge of the economics of medicinal plant cultivation and associated markets [5] .
The Commercial Products from the Wild (CP Wild) Innovation Fund Project, through its medicinal bark, bulb, root, and herb components [6] , aimed to assist current disadvantaged market players in the conservation, improvement, and development of their medicinal products and markets. The design of the studies assumed that there is a link between traditional use of medicinal plants and local health. The sustainability issues and inefficiencies associated with the industry were addressed in the project through the development and implementation of innovative technologies for natural resource management; propagation and cultivation of key high-demand species; processing, packaging, and marketing of commercial products; and development of organizations and businesses.
The purpose of the experimental and adaptive management research into the propagation and cultivation of key high-demand species was to help poor rural communities grow their own medicinal plants, instead of relying on natural resources, and produce material for trade by small businesses. The approach was to incorporate the cultivation of medicinal plants as agricultural crops within the rural environment, without taking up grazing land or food cropland; that is, to focus on small-scale activities in and around the home garden.
The active compounds of medicinal plants are mostly secondary metabolites that are produced by the plant to protect it from attack by pathogens, insects, and browsers or grazers or from extreme climatic conditions (frost and drought). Plants cultivated with the use of agrochemicals (including fertilizers, pesticides, and insecticides) under controlled climatic conditions experience minimal stress and consequently produce fewer secondary metabolites. Many traditional healers believe that such cultivated plants have lower medicinal strength than wild plants. This has created the challenge of finding cultivation techniques that increase plant growth rates but do not decrease the medicinal properties of the plants [6] .
The objective of this paper is to provide an overview of three different CP Wild-initiated studies in South Africa and their general results to address the issue of assisting poor rural people, including traditional healers, to create alternative medicinal plant resources and thereby reduce their dependency on the dwindling wild resources. The primary objective is to develop guidelines for domestic use of the cultivated plants, but the results can also be used for commercial production to benefit from the medicinal plant trade.
Methods
Three investigations addressed different issues around cultivation of medicinal plants as alternative resources to harvesting from the wild: experimental trials for commercial production of medicinal crop plants; chemistry of wild versus cultivated plants, and of bark versus leaves of bark-harvested trees; and growing of tree seedlings from the forest in rural home gardens.
Experimental trials for commercial production of crop plants
Ten root, bulb, and herb species were selected for study on the basis of the volumes traded in the province of KwaZulu-Natal [3] and their scarcity in the wild (biodiversity priority), excluding those with potential toxicity: Alepidea amatymbica (root), Artemisia afra (leaves and young stems), Bulbine spp. (leaf), Drimia robusta (bulb), Eucomis autumnalis (bulb), Haworthia limifolia (whole plant), Hypoxis spp. (bulb), Scabiosa columbaria (leaf and root), Siphonochilus aethiopicus (root), and Tulbaghia alliacea (rhizome and leaf). A number of cultivation trials with these 10 species were run by the KwaZulu-Natal Department of Agriculture in three localities [6] : Cedara-inland, cool (with frost), and moist; Nansindlela (Cato Ridge)-coastal, relatively cool and moist; and Makhatini-coastal, hot and humid. A community-run trial was conducted at Bushbuckridge, Mpumalanga Province, with extremely hot and dry conditions, in partnership with the local Department of Water Affairs and Forestry office (Nelspruit). These trials were run for 1 year to test the response of each species to eight agricultural production treatments (table 1) .
Before being planted in the trial plots, the plants were weighed and measured. After a year in the ground, they were removed, reweighed and remeasured, and sent to the University of KwaZulu-Natal for chemical analysis. To enable the community to benefit from the project, only sampled plants from the community-run trial at Bushbuckridge were removed for measurement and testing. The overall chemical fingerprints of the plants were used for comparison, because the active medicinal compounds were not known for most of these species.
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Plants of the same species harvested from wild sources were also chemically tested to compare the chemical fingerprints of cultivated and wild plants.
Chemistry of cultivated plants, bark, and leaves
The comparison of the chemical fingerprints between cultivated and wild plants was mentioned in the previous section. Very basic thin layer chromatography (TLC) was also used to compare the qualitative chemical fingerprints (chromatograms) between the bark and leaves of species in three other studies [7] : Ocotea bullata from four geographic regions of its distribution in South Africa; Warburgia salutaris from different areas in South Africa; and 19 popular local tree species used medicinally for their bark (including Curtisia dentata, Prunus africana, and Rapanea melanophloeos) in Mpumalanga Province.
Growing tree seedlings in home gardens
Traditional healers from Cancele Village in the Umzimkulu District in southern KwaZulu-Natal were assisted to lift seedlings from a Pinus patula plantation adjacent to the Nzimankulu Forest for planting inside and along the fence around the garden of the Primary Health Care Centre in the village [8] , in a learning-bydoing approach. A total of 92 seedlings of 12 forest tree species used in traditional medicine were planted. The time of planting (April 2002), which was at the start of the dry season with strong, hot winds, was not good for survival of the seedlings. Three months later, dead seedlings were replaced, either with the same species or with other species. During this replanting, the seedlings were protected against the sun and wind by planting fern leaves next to them.
Results

Experimental trials for commercial production of crop plants
The cultivation trials and chemical testing indicated that different agricultural treatments appeared to suit each species differently [6] . There was no one type of treatment that produced consistently better growth rates and stronger chemical concentrations in all the species tested. However, for each species there was a set of preferred treatments for achieving rapid growth rates, strong chemical concentrations, or both. In general, the plants responded more favorably (best yield to input ratio) to organic fertilization than inorganic fertilization.
Only a few species clearly responded to the different climatic conditions at the different trial sites; the most frequent responses were those elicited by the high humidity and temperatures at the Makhatini site, at which certain species bolted and others suffered from fungal infections. Plants at the other two trial sites in KwaZulu-Natal responded similarly to the climatic conditions. Shade structures were erected and plants were watered more regularly to help them to cope with the hot and dry conditions at Bushbuckridge. Survivorship was high, but growth rates were slower for all species. The cultivation technologies identified for the selected species are summarized in table 2.
Chemistry of cultivated plants, bark, and leaves
Chemical analyses indicated that wild-harvested plants of some species did have stronger chemical concentrations than cultivated plants of the same species [6, 7] . The study on Ocotea bullata showed that both the bark and the leaves contain the same active components associated with healing in all four geographic regions, but that bark constitutes a richer source. The active components in Warburgia salutarius leaves represent a good alternative source of two major active components associated with the bark. The Mpumalanga study indicated that nine of the studied tree species have similar components in the bark and leaves.
Growing tree seedlings in home gardens
Unfortunately, a devastating fire, driven by a hot dry wind, swept through the adjacent Straalhoek plantation and burned through the Cancele Village clinic area, although some of these plants resprouted afterwards [8] . The traditional healers were happy with the planting and the potential to grow trees near their homes from which they could collect either leaves (in the early stages) or bark (at a later stage). They also recognized the need to provide some form of fire protection against fires from the adjacent grassland. 
Discussion and recommendations
The agricultural trials showed that many medicinal plants traditionally harvested from the wild can be grown as small-scale agricultural crops [5, 9] . A basic flower bulb-growing system can be adopted for species such as Alepidia amatymbica, Bowiea volubilus, Eucomis autumnalis, Haworthia limifolia, and Scilla natalensis. For example, if one hectare of arable land is used for cultivation, it is divided into three equal-sized plots, because the species will take a minimum of 3 years in the field before saleable plant products can be harvested. Each year for 3 years, one-third of the area is planted. At the end of the third year, the crop on the first plot can be harvested and it should be replanted after harvesting. This harvesting schedule could be maintained. The growing system for Siphonochilus aethiopicus, with rhizome segments, differs slightly [9] . A full hectare is planted with year-old explants. At the end of the second year in the ground, four corms per plant may be harvested, three of which are sold and the fourth is replanted. Thereafter, there is a similar harvest each year. The planting stock could be purchased every year, but all the mentioned species multiply naturally (produce offsets or set seed), and it is possible for growers to cut costs by propagating their own planting stock.
A variety of propagation techniques have been tested on a range of medicinal plants, encompassing two broad approaches [9, 10] : by the use of seeds (sexual) or by vegetative (asexual) means. Vegetative propagation (asexual) includes multiplication by stem cuttings, root cuttings, divisions, or leaf cuttings (depending on the species). Seed and vegetative propagation each have their relative merits. When grown from seed, plants are generally stronger and express genetic diversity. Vegetatively reproduced plants are direct clones of the parent and are a preferred multiplication technique where particular attributes of the parent plant must be reproduced in the propagated plants, e,g., richness in active medicinal constituents, large fruits, thick bark, or rapidity of growth. Vegetatively reproduced plants often reach reproductive maturity faster than those grown from seed. This is important when a grower aims to generate additional seed stock for further propagation. Regardless of the propagation technique chosen, parent plants should be selected for their suitability to local growing conditions. For example, growers 
Species
Best cultivation technique
Alepidea amatymbica
Space seedlings 20 cm apart in a warm, shaded place in tires or moisture-retentive, welldrained soils and mulch. Organic fertilizers (compost and manure) should be avoided because they cause termite activity, which kills the plants.
Artemisia afra
Plant seedlings or semihardwood cuttings 50 cm apart in rows 1.5 m apart directly into beds of deep, well-drained soil (not bags or tires). If regularly watered, they do not need mulch or fertilizers. Prune stem branches back to keep foliage lush and green for harvesting.
Bulbine spp. Cultivate in cooler inland areas with no frost, in deep, well-drained soil, high in organic matter, with partial shade, in the ground or bags. Leaves turn yellow when water-stressed.
Drimia robusta
The plant grows well under most conditions, but best growth is achieved in soils with high organic content (plants mulched for first year). Mulch later on increases the risk of fungal infection (as with growing plants in tires, with warmer soil).
Eucomis autumnalis
Use bulbs 5-10 cm in diameter for planting directly into the ground (bags inhibit growth rate). Mulches increase risk of fungal and bacterial infection.
Haworthia limifolia
Grow plants in bright but shaded sunlight. Plants respond well to fertilization, weekly watering, and nutrient feeding in spring.
Hypoxis spp. Plant small to medium-sized bulbs. Water weekly, but keep them dry in winter. The use of Multifeed P (1 g/L at every watering) enhances growth.
Scabiosa columbaria
Grow seedlings from seed or from separated mature plants in 0.5-L bags packed with a compost and sand mix (50:50) before planting into 1.5-L bags or directly into the ground, with partial shade.
Siphonochilus aethiopicus
Split 5 to 20 new rhizome segments, with their roots attached, from older rhizomes, store them spread out in a cool, well-aired, dry place. Plant them in spring in well-drained soil with watering and fertilizer. In late summer, after flowering, top-dress the plants and water them well to encourage growth of new rhizome segments (for harvesting).
Tulbaghia alliacea
The plants grow well in cultivation under most conditions. Plant in well-drained loamy soil with plenty of compost, about 3 cm below soil surface, in full sun and with regular watering.
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in frosty areas should source their planting stock from such areas and not from frost-free areas to ensure their frost-hardiness, a genetic trait not necessarily expressed by trees adapted to frost-free environments. For some species it is extremely difficult to collect viable seed. In these cases, vegetative propagation may be necessary, or else existing seedlings may have to be lifted from under the parent plant (a method particularly applicable to various tree species in a forest). Experimentation by growers is encouraged, since much can still be learned about how to propagate the medicinal plant species of southern Africa. Successful propagation is not dependent on an elaborate and expensive outlay of equipment and technologies, but rather on an understanding of some basic principles of plant growth and various methods of manipulating these under controlled conditions [10] . Propagation can take place in a variety of environments ranging from one's backyard to modern nurseries or hightechnology laboratories. Micropropagation (or tissue culture) is conducted within sterile environments in laboratories. Planting stock from tissue culture laboratories may be too expensive and hard to get for the poor rural traditional healers trying to grow their own medicinal crops. Such a grower could construct a simple "greenhouse" box placed under partial shade near the house and covered with a white plastic sheet to keep it warm and to retain the moisture. Seeds collected from the wild could be grown in such a box, with minimal effort and attention, until transplanted to the cultivation site. Crouch and Symmonds [10] and Geldenhuys and Delvaux [8] recommended a number of good practice principles for successful propagation and cultivation.
Curtisia dentata, Ocotea bullata, and Warburgia salutaris all show a tendency to coppice if their stems or roots are damaged [5] . Some plants of other species planted in Cancele Village, particularly Rhus chirindensis, recovered after the fire by vegetative regrowth [8] . Such species can therefore be cultivated in a felling and regrowth system, i.e., by planting a stand of young trees, allowing them to grow for a number of years, and then felling them [5] . The old stumps regenerate or coppice into a new stand of trees. The trees can also be grown successfully among other trees, particularly in forest margin rehabilitation and enrichment planting.
An alternative cultivation method for tree species involves the production of leaves as opposed to bark and timber [5] . Chemical testing of Ocotea bullata, Warburgia salutaris, and some other species [7] with the active compounds in both the bark and the leaves suggests that the trees can be grown in the same way as tea. Young trees can be planted and the crowns and main stems kept cropped. Regular leaf harvests stimulate rapid production of new leaves, and the trees are kept short and bushy rather than being allowed to grow tall. In a pilot tree cultivation project, 4-year-old Warburgia salutaris trees grown in this way produced 1 kg of leaves every 2 months, or 6 kg per year [5] . This is a substantial yield compared with the 10 years required to produce 8 kg of bark. Thus, in a 10-year cycle, 60 kg of medicinal leaf material is produced, while a tree may produce only 8 kg of bark. The leaves may, in some cases, contain lower concentrations of the active compound and so would need to be prescribed and used in higher doses.
An important benefit of medicinal plant cultivation is the relatively low risk associated with medicinal plant crops, unlike tomatoes, for example [5] . There is a relatively large window during which the medicinal plant crop can be harvested. Plants can be kept in the ground indefinitely until market conditions are acceptable. Once plants are harvested, they can be kept unprocessed for several weeks before their condition deteriorates.
Studies have provided no evidence to support the notion that increased agricultural inputs will increase medicinal plant crop yields [5] . Thus, it may be less risky to adopt low to medium input agricultural systems in medicinal plant cultivation, and this will particularly enable poor, rural people to grow their own medicinal plants.
The major constraint to production of medicinal plants is the limited market information available, and it may be difficult to sell large volumes of medicinal plants [5] . Large commercial operations therefore need to generate their own marketing systems and to negotiate workable solutions to the current legislative problems. Small-scale farmers are not likely to be impacted to the same level by these constraints due to the small volumes that they would produce.
The growing local and international demand for natural medicinal plants and products, combined with the declining supply of many wild-harvested medicinal plant species, leaves no other option than to cultivate scarce and threatened medicinal plants to protect the remaining natural resources, support the industry, and sustain the primary health-care systems in rural and urban environments. Cultivation aims to increase plant yields by improving growing conditions through addition of agrochemicals, controlling the growing climate, and developing the active components through alternative production systems (such as leaves versus bark) [5] . However, we still know little about the effects of managed cultivation on the medicinal properties of plants. Chemical testing of cultivated plants [7] showed that the belief of traditional healers that the medicinal strength of wild plants is higher than that of cultivated plants is true for many species.
However, selected market trials using cultivated stock of rare or scarce medicinal plants showed a general acceptance of cultivated materials by many traditional healers and their clients [5] . Where the strength of medicinal compounds has been affected,
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Medicinal plants in the rural home garden the traditional healers simply prescribe higher dosages of the plants and plant products. This acceptance of cultivated plant material is thought to be attributable to the growing scarcity and cost of many popular medicinal plants. There is simply no other way to meet the market demand for certain remedies than to accept the cultivated material [11] .
In rural village home gardens, there are often many weeds, and the garden boundaries are often marked with plants that do not seem to have any other use. Planting of the medicinal plants and other wild food crop species should be encouraged in the village, for example at the school, in home gardens, and even in production systems [8] . This could reduce the effort of collection from the wild, increase the availability of the products, and offer the potential of local and wider trade.
The CP Wild medicinal plants project was the first of its kind in South Africa: supporting current market players for improvement of their own industry, and taking an industry-level focus that considered addressing problems in all links of the industry chain [6] . This new focus is being widely adopted throughout the country by practitioners wanting to intervene for the benefit of current role players.
